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Summer School, Alpbach, Austria '--I August 7- 1, 1963 @ ~ - ~ ~ s p ) o r s  
&', d c i c n t i f i c  Hesults of the Mariner I1 Voyage t o  

Kariner I1 was launched on August 27, 1962, passed a t  a distance of 

only  4l.,OOO km from the center of Venus on December 14, and transmitted i t s  

/ 

last s c i e n t i f i c  and engineering data  t o  e a r t h  on January 2, 1963. 

remarkzbly successfd Tor the first vehicle of i t s  type whose launching was 

It tras 

satisfactoqy. 

ing and 2 great amount of important technological information was obtained 

from it. 

A large pa r t  of the emphasis on this first f l i g h t  was engineer- 

The history of this voyage, including a ciiscussion of the engineer- 

i ng  and sc i en t i f i c  problems and results, is surveyed by J. N. James (1) . 15y 

discussion t h i s  morning will be restr ic ted t o  the sc i en t i f i c  results obtained 

t o  date by the seven groups of experimenters. 

ment will be gowrned by my own interests  and what I happen t o  know. 

The emphasis given each experi- 

A very interest ing sc ien t i f ic  by-product of tho engineering technology 

i s  information on the scale of distances and some of the masses i n  the s o l a r  

system. 

broadcast back t o  give a very accurate Doppler measurement of i t s  r zd ia l  

velocity re la t ive  t o  the earth. 

ilrith "he simultaneous radar observations of Venus made by the Goldstone 

Iiadio signals sent from the ear th  and received by Mariner were re- 

The 22,000 Doppler observations, together 

tmcking s te t ion,  xi11 enable an exceedingly accurate computation t o  be 

made 02 the zsntzonorn.ica1 luxit, abbreviated A.U., which determines the scale 

_in cm. of a l l  distances i n  the solar system. From the deflection of the 

t ra jec tory  a s  it passeci Venus, preliminary calculations have shown tha t  the 

previous value f o r  t i - I 8  mss of Venus, 0.8148 ,t 0.0004 times the mass of the 

earth, can be refj-ned t o  0.81&85 - t O.ooOo4. Tine Coppler r ad ia l  velocity i s  
OTS PRICE / 



affected also by the motA.on 01' the earth aAxw-d t ke  cmtkr  of mass of the 

earthmoon system enci from t h i s  a refined value oi the mass of the moon cen 

be obtained. This work was carried out by T. W. Hamilton, J. E'. Koukol, 

N, A. Iienzotti, 2. $1. Trask and J. D. Anderson. 

During thc  encounter period,'" Venus was scanned by a microwave 

radiometer a t  wavelengths of 13.5 and 19 millimeters and by an infrared radio- 

m t e r  a t  xavelengths of 8.4 and 10.4 microns. There were three scans, one 

on the dark side, one nearly alcng the line separating, the l i g h t  and dark 

sides, and one on t h e  l i g h t  side. The microwave radiometer showed t h a t  the 

surface temperature was about ?WOK and the infrared radiometer showed t h a t  

the temperature a t  the top of the clouds was about 250°K. Thus it is now 

defini te  tha t  t he  h i g h  radio frequency temperatures previously recorded a r e  

6 t  the &ace ra ther  than i n  the ionosphere, and the greenhouse model f o r  

the  Venusian atarioThere gains added support.AThe cloud cover i n  the regions 

scanned seems quit€ continuous witn  no breaks de.t;ected a s  wide a s  a few 

Thecc weTt h a  t - t rber r t4 . re  I / # p r c r c # s  defcctdbk $atwet -  t4t I f p h i -  d a d  d ' a 4  sides. 

pcrcent of the diameter of the disk. 

in the upper clouds. 

L. D. Kaplan, G. Xsugpbauer, and C. Sagan; 

the experimenters f o r t h e  microwave radiometer were A .  H. Barrett ,  0. 2. Zones, 

J. Copeland, and i-I. E. Lilley.  

There was no si@.ficant amount of C 0 2  

The experimenters €or the i n f r a r e d  radiometer were 

The a p e r i n m t 8  of W. H. Alexander f o r  .the observation of interplane- 

tsq~ dust, g r a b s  ~ , ~ e i c i e d  only a couple of def in i te ly  confirmed impacts, 

wry: fewer than had been expected. (3' No thorough analysis of the results 

i n  tarns of par t ic le  density i s  available. 

A n  ion clfia:nker and three Geiger counters were used by H. Iz. Anderson, 

H. V. Neher, and J. A. Van Allen t o  o b s c m  energetic par t lc les .  (2) , (31, (h )  

From the i r  observations it may be concluded tha t  there i s  no great  f lux of 
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protons i n  the range from 10 t o  100 I4ev since the observations i n  space are 

about what would be e4xpected from the flux of pa r t i c l e s  observed above LOO 

Hev by ion chambers flown on balloons, 

cosmic rays were o b s e m d ,  enabling us t o  extend our knowledge of the time 

constants f o r  their appearance and escape t o  the lomr energies observable 

in space. 

On several occasions low energy 

Several Forbush decreases in the galact ic  cosmic ray  flux wre 

observed both by Nariner I1 and on earth,  confi2ming and extending the ear l ier  

proof by Pioneer V t h a t  on such occasions cosmic rays are  screened out from 

a very large volume of  space i n  the so la r  system, 

increases and decreases i n  the cosmic ray  flux associated with solar disturb- 

ances, the general l eve l  remained constant t o  with 2 percent between the orbit 

of  ear th  and the o rb i t  of Venus. 

galactic comic ra-ys, those with energies i n  the neighborhood of 1 Bevy 

varies over the 11 year sun spot cycle, Presumably t h i s  is due t o  some 

screening mechanism outside the orbi t  of ear th  which excludes low e n e r a  

pa r t i c l e s  more effect ively when the sun is  active than when it is quiet. 

is tempting t o  conclude that t h i s  absence of change in the cosmic ray flux 

between the ear th and Venus means tha t  the en t i re  screening mechanism is 

located outside, perhaps f a r  outside, the o rb i t  of the earth. 

j u s t  possible t h a t  there i s  some further screening between the earth and 

'Jenusy but t h e t  during the four months of the f l i g h t  the general level of' 

Aside from such t ransient  

You win r e c a l l  t ha t  the flux of low energy 

It 

Howsver, it is 

comic rays a t  any f ixed  distance from the sun increased a b i t ,  as expected 

3% t h i s  phase of the sun spot cycle, and t h a t  this increase j u s t  compensated 

.for the decrease due to the additional screening, Unfortunately, observations 

ol the low energy cosmic r a y  flux a t  the ear th adequate t o  check t h i s  pofnt 

do not seem t o  be available. 
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In 1 ~ ~ -  ap.j&.inJ .&-c< . -*.- trlViSt irqjortant r e s d . $  c f  the Xarimr 11 experi- 

ment was the conclwlvw demonstration '9 hat, a t  1eaE.t a t  this stage of the so lar  

cycle, thf: solar  wind flows out from the sun a l l  the time essent ia l ly  a s  i n  

Parkerts well-knom model, although with a considerably lower densi%y than was 

popular a few years ago, 

current due t o  charged pa r t i c l e s  comhg along directions lying Within about 5' 
of the Unct t o  the sun and having energies i n  a narrow band, An e lec t ros t a t i c  

analyzer selected in succession 10 energy bands tbt correspond t o  proton 

veloc i t ies  d i s t r i b u k d  i n  a geometric series between 231 and 8224 km/sec, 

main conclusions t o  be drawn from a preliminary analysis of the data a re  t h a t  a 

measurable solar  wind blew essentially r a d i a l l y  outward from the sun a t  all 

timss, that most of the time the velocity lay between 350 and 750 km/sec, and 

%ypical densi t ies  tmre a few per cm (perhaps ranging f r o m  less than 1 t o  as 

much as 30). 

this is  interpreted as a manifestation of the temperature of the gas, values of 

the order of 2 x lo5 OK are usually obtained. A l e s s  orthodox al ternat ive is 

that this is i n  p a r t  the manifestation of wsves with frequencies grea te r  than 

about 1 sec-'. 

The plasma detector of Mariner 11 measured the 

The 

3 

Par t ic les  were present simultaneously i n  several channela; if 

There is a lso  c lear  evidence f o r  the presence i n  the solar  

wlnd of alpha particles as w e l l  as protons, 

fluctuate and the relative abundance of alpha par t i c l e s  sesms to be lower than 

i n  %he photoqhwe. 

f h a t  the velocity shotwd a series of peaks, each l a s t i n g  from 2 to 4 o r  5 

days, that the level uf gsomagnet3.c disturbance correlated w e l l  with the 

The density r a t i o  seem t o  

k very s t r ik ing  feature of the plasma data i s  the f a c t  

soYar xind velocity, and t h a t  the peaks showed a strong tendency to  recur a t  

approxinately 27-day intervals .  The axprimenters for the plasma probe were 

H. M, Weugabauer and C. W, Snyder, 

A t r i a x l a l  flwcgate magnetometer was used t o  measure the.vector 

interplanetary f i e l d  a t  intervals of 37 sec. throughout most of the V O y a d 3 )  



Unfortunately the space crz23 magnetic field shZted durjng laimch from the 

prelaunch value by a n  amount tha t  i s  not known a c c ~ ~ - a t e l y  and showed substant ia l  

l a t e r  sh i f t s .  T ~ Q S  there is always some uncertainty in the zero from which the 

in t e rphns ta ry  f i e l d  is measured and, while I balisve that a reasonable inter- 

pretation of the data can be presented, anyone is free to modify it by making a 

different  estimate of the space c ra f t  f ie ld .  

field has a general order of magnitude of 5 gamma and shows relatively little 

change over periods of many minutes. 

the field varies much more rapidly, time constants ranging from f ract ions of an 

hour through a f e w  mjnutfts t o  perhaps on ly  a few seconds being apparent. 

these occasions the f i e l d  changes may be a s  much a s  5 o r  10 g a m  and the Z ie ld  

i t se l f  may sometimes be even larger in magnitude. 

hourly averages of the f i e l d  components, no par t icu lar  structure of the inter 

p l a n e t a r y f i e l d  is apparent. 

there is an indication that the f i e l d  may have a basic s p i r a l  s t ructure  5n the  

plane of the ec l ip t ic ,  the f i e l d  making an angle of a W a t  4 9  with the radius 

from the sun. 

deflect  the field i n  a random way f r o m  its mean dbec t ion .  

deflection may be through 20' t o  40'; it is made up of a superposition of waves 

with periods ranging from several hours down t o  f rac t ions  of an hour i n  quiet  

tines and down t o  only  a minute o r  less i n  d is turbed  times. I m u s t  emphasize 

t h a t  this model is still very tentative.  

the cornpoilent of the f i e ld  along the radius from the 31x1 seam to have one 

ty-pical amrage value during one-half of the solar ro ta t ion  and another average 

value, most likely of equal magnitude but opposite si@, over the other half  of 

Nuch of the time the inte-rplanetary 

There are  many periods of disturbance i-rfien 

On 

If one looks a t  individual. 

If one averages over periods of 10 t o  20 hours, 

Superposed on this r e d a r  field are fluctuations or -waves t ha t  

'ILypically the 

It appears somewhat more cer ta in  that 
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the solar  rotation. 

e f f ec t s  ascribable t o  the presence of a Venusim magnetic f i e l d  could be 

detected i n  the neighborhood of -4enus. 

of Venus 5e l e s s  than I./lCth, o r  perhaps only 1/2oth that of the earth. 

i s  by no means excluded %hat V m u s  has essent ia l ly  no mzpJletic f ie ld .  

result is consistent with the recently established low rotat ion r a t e  of Venus; 

but considering our uncertain quantitative knowledge of dynamo theory, neither 

result can be said t o  require the other. 

P. J. Coleman, Jr., Leverett Davis, Jr., E, J. Smith and C. P, Sonett. 

"..is pat tern shows a rough 27-day periodicity.  No 

This Arequires t h a t  the magnetic noment 

It 

This 

The magnetometer q e r i m e n t e r s  were 

I.le,Ut l e t  us colzsider a tentative model in terms of  'which some of these 

Some p a r t s  of t h i s  model may be novel, but some 

It must be emphasized t h a t  the model i s  pro- 

observations may b discussed. 

have been borrowed from others. 

visional and nany d e t a i l s  are  likely t o  be wrong. 

a t  the moment. 

But it is the best 1 can do 

Consider first the region  thin 10 or 20 solar r a d i i  of the sun. 

Near the sun the magnetic f ield dominates the plasma flow; the f i e l d  must be 

essent ia l ly  force-free except f o r  osci l la t ions and i ~aves  whose velocity of 

propagation is much f a s t e r  than the expansion tha t  becomes the solar wind. 

The gas can move f r ee ly  only along the tubes of force, 

t o  be a tendency f o r  the gas t o  well up from the photosphere into the upper 

coro11c? i n  places where the magnetic f i e ld  extends t o  large r a d i i  in a r e l a t ive ly  

regular, nearly ve r t i ca l  pattern. 

that spreads out f'rom a few such sources and i n  quiet  times the entire solar 

t&nd srill come ,from them. 

from on ly  a few regions and its radial  component changes sign, much less  

h'ence there i s  l i k e l y  

The ent i re  upper corona may be f i l l e d  by gas 

The magnetic f i e l d  in jnterjdanetary space i s  drawn 



-7- 

xbquent ly  than would be the case if a l l  the  i r regular  f i e l d s  02 the photo- 

sphere were sampled a s  the sun rotates. 

par t i c l e s  t o  settle re la t ive  t o  t h e  protons i n  t h i s  i~el?.ing=up region, which 

might account f o r  a low density of alphas in the solar  wind. 

There may be scme tendency f o r  the alpha 

A 3  one goes out to  the region where the plasma mmnturn begins to 

become more inportant than the more rirpidly decreasing magnetic f i e l d  s t resses  

i n  determining the motion, the tubes of force may form nozzles out of which 

the gas is  ejected. 

model of the solar wlnd, but Hill  be modFfied by the f i e l d .  

the high veloci ty , re la t ively narrow j e t s  of low density wind observed near the 

ear th  by the Nariner I1 plasma probe. If there were merely a loca l  hot spot on 

the sun, the angular width of the j e t  m i g h t  be expected t o  be greater and there 

might be a stronger tendency for  the density t o  increase more rapidly than the 

velocity. If the cross-sectional area of the nozzle is not merely proportional 

t o  the square of the distance from the canter of the amxi, it should be possible 

The flow w i l l  not be quite radial ,  as in Parker's familiar 

This may explain 

t o  vary densi ty  and veloci ty  independently. 

several successive rotations of the sun indicates that the f i e l d  pat terns  in the 

The appearance of the same jet on 

upper corona are  quite stable. Near the sun the f i e l d  and gas must co-rotate 
they 

with the sun a s  A expand, provided the tubes of force remain connected to the 

sun. At intermediate distances the interaction between the f i e l d  and the 

a n m a r  moment;Wn of the wind is complicated and it is not c lear  how co-rotation 

shif'ts over t o  the essent ia l ly  rad ia l  f l o w  t h a t  should be present near the 

ear th .  

the sun t h a t  will complicate the calculation of r a d i a l  ve loc i t ies  based on 

the time l a g  between central meridian passage of a photospheric o r  chromospheric 

But there do seem t o  be good poss ib i l i t i es  f o r  angular motions near 

feature and a r r iva l  a t  the ear th of a disturbance supposedly associated uith 
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the feature. 

the feature  a t  some tine other than central  meridian passage. 

If propagation is not radial, the distuybance may originate from 

Near the ear th  - in fac t ,  s tar t ing inside &nmxry*s orb i t  - the 

momentum of the s o l a r  - d i d  dominates the magnetic forces, which can no longer 

influence the average motion significantly. 

a s  it expands, it should be stretched out and sheared into the well-known sp i r a l  

when conditions are steady. 

has a veloci ty  i n  the 400 t o  500 km/sec range, the s p i r a l  would make an angle of 

about so with the radius from the sun. 

waves and osci l la t ions.  

times these have character is t ic  lengths i n  a frame moving with the wind of from 

10 t o  

with a scale of only lo4*' km. or less. 

between the magnetic energy density and the kSnetic energy density associated 

with the fluctuations about the average of the mass motion. 

If the f i e l d  maintains any continuity 

Near the earth it would be expected tha t  if the wind 

There may, of course, be superposed 

The magnetometer observations suggest t h a t  during quiet 

5 km, and t h a t  during dis turbed conditions there are  many fluctuations 

There appears t o  be rough equipar t i t ion 

As one goes fa r ther  out i n  the solar system, the s p i r a l  should tend to  

becoraa very flat so t h a t  the average direction of the field is nearly normal to 

the radius vector. 

energy density both vary inversely as  

sun and i f  there i s  equiparti t ion,  the waves i n  the f i e l d  lines should continue 

t o  make angles of 20' t o  M0 with the average direction of the f i e l d  lines. 

Here the energy density of the magnetic f i e l d  and the kinet ic  

the square of the distance from the 

As the so l a r  wind comes to the point where its momentum .can not fur ther  push 

back the galact ic  magnetic f i e l d ,  the wind must pass through a shock t r a n s i t i o n  

i n  which its velocity decreases and ' i t s  f i e l d  strength increases. 

a f t e r  l ayer  of f lattened s p i r a l s  pile  up, the f a c t  t h a t  the l ines  of force 

A s  layer 
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o r i g i n a k  a t  different  p,o.h.ts on the sun and hence haw aifi'erent seases means 

t ha t  they cannot merge in to  a simple uniform f i e l d .  

t o  be quite i r r egu la r  as i n  the region j u s t  outside ths 33rthjs magnetosphere 

where the so la r  -&nd p i l e s  up and form a stagnant region 35 its f l o w  is impeded 

by tho geomagnetic f i e ld .  

and the i n t e r s t e l l a r  region will not continue t o  increase i n  thickness indefinitely. 

The ixregular f i e l d  structure will decay because of its fwte conductivity. 

i h s t zad  t h e  field is likely 

This r e d o n  a t  the interface between the solar wind 

Its outer layers will be swept away by the re la t ive  motion of the solar system 

and t he  i n t e r s t e l l a r  gas. 

the plasma contained i n  the tubes of force in the t rans i t ion  region may drain 

out of the tubes into the interstellar re@.cn., leaving the field essent ia l ly  

alone to maintain the pressure balance. 

strength i n  the t rans i t ion  region. 

thatch of f i e l d  lines forms the barrier tha t  tends to keep low energy galactic 

cosmic rays out of the solar system and thus produces the eleven-year cycle of 

cosmic ray  intensity. 

As i ts  field lines merge with the i n t e r s t e l l a r  field, 

This will further increase the f i e l d  

It is tempting t o  think that t h i s  i r regular  

Pa sadena, California 
November 26, 1963 
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